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Immunization  alone  results  In  erratic  and  weak  local  IgA  production.  Further, 
with  a  dosage  schedule  was  that  achieved  serum  IgG  activity  to  shigella 
antigens*  parenteral  Inmunlzatlon  was  not  able  to  prime  the  rabbits  for 
local,  intestinal  IgA  memory  response.  In  other  studies.  It  was  found  that 
erythromycin  Interferred  with  development  of  IgA  memory  responses  and  adjuvant 
(DEAE-dextran)  had  no  significant  effect  on  the  primary  local  IgA  response 
to  orally-adir.  festered  Shigella  flexnerl.  The  effect  of  this  proposed 
adjuvant  on  th*  IgA  memory  response  remains  to  be  investigated  the  present 
studies  demonstrate  that  a  local  IgA  memory  response  to  Shigella  flexneri 
can  be  elicited  by  oral  priming  with  a  live,  non Invasive  strain.  Further, 
parenteral  vaccination  was  Ineffective  in  priming  for  a  mucosal  IgA  memory 
response.  ' 
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SUMMARY 


In  the  pro  sent  studies ,  wo  have  used  our  chronical  ly  i  no  In  tod  ileal 
loop  model  in  rabbits  as  a  probe  to  study  the  variables  i nvc  1  v<  <!  in 
eliciting  a  mucosal  If  A  memory  response  lo  shigella  antigens.  C  n 
previous  studies  rove  documented  that  a  local  IgA  : u-mory  rospcr.se  to 
shigella  antigens  could  he  elicited  by  priming  rabbits  with  throe  oral, 
weekly  doses  of  1 0 * !l  live  Shine  Vie  X16.  b'o  such  local  IgA  r.c* :ory 
response  in  intestinal  secretions  was  found  when  treat-killed  shigella 
were  given  in  the  same  dosage  and  route.  In  the  present  studies  we 
examined  whether  this  was  due  to  the  fact  that  Ship: 1 1  a  XT 6  is  capable 
of  invading  the  surface  epithelium.  In  the  first  croup  of  experiments 
performed  this  year  we  found  that  oral  priming  with  three  weekly  doses  of  10 
live, non- invasive  Shigella  flexneri  strain  2457-0  was  capable  of  priming 
for  as  vigorous  a  iecal  IgA  memory  response  as  the  live  locally  invasive 
Shi  cel  la  XI 6 .  Therefore  invasion  per  se  is  not  a  requisite  for  an  oral 
vaccine  strain  to  elicit  a  local  IgA  memory  response. 

As  most  traditional  methods  of  immunization  involve  parenteral 
vaccines,  we  have  examined  the  effect  of  giving  a  primary  parenteral 
immunization  on  the  local  immune  response  of  the  intestine  with  our 
chronically  isolated  ileal  loops  as  the  probe.  Secretions  from 
isolated  ileal  loops  of  animals  given  a  primary  parenteral  immunization 
with  shigella  antigens  showed  that  little  local  IgA  is  produced,  while 
good  serum  titers  of  IgG  were  elicited.  It  was  noted,  however,  that 
more  locally  produced  IgG  (in  parallel  with  serum,  IgG)  is  found  in 
these  animals  than  in  animals  that  are  given  shigella  only  by  oral 
immunization. 

A  second  group  of  animals  was  primed  parcriterally,  allowed  to  rest 
for  one  week,  and  then  challenged  with  a  single  oral  dose  cf  live  locally 
invasive  shigella.  This  was  designed  to  test  the  presence  or  absence 
of  a  local  memory  response  to  this  intestinal  challenge.  Again,  only  a 
little  local  IgA  was  produced  and  no  booster  effect  of  the  IgG  was  seen 
either  locally  or  in  the  serum  following  this  single  oral  challenge  dose. 
Therefore,  it  seems  clear  that  in  a  previously  uni  immunized  animal 
parenteral  priming  with  shigella  antigens  produces  only  a  weak  local  IgA 
response  and  no  priming  for  a  local  memory  IgA  response. 

Our  preliminary  investigation  of  DL'AE-dextran  as  a  mucosal  adjuvant 
has  shown  no  enhancement  of  the  primary  local  IgA  response  by  this  agent 
when  used  with  the  oral  heat-killed  shigella,  the  effect  cf  this  adjuvant 
on  subsequent  mucosal  memory  response  will  be  determined  in  later 
experiments. 

Lastly,  we  record  a  peculiar  effect  of  the  antibiotic  erythromycin 
on  the  local  IgA  memory  response  of  orally-primed  rabbits,  '..'hen  rabbits 
were  treated  with  erythromycin  at  the  time  of  their  challenge  dose,  no 
local  IgA  memory  response  could  be  demonstrated.  The  mechanism  of  action 
of  this  effect  is  unclear  at  the  present  time.  This  effect  could  be  of 
importance,  however ,  in  any  vaccine  program  using  live,  attenuated  strains. 
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This  second  annuel  report  includes  work  completed  from 
1  February,  1931  to  tic  present.  (31  January,  lp>7). 

In  our  or i pinol  proposal,  wo  hypotr ized  that  the  chronically 
isolated  ileal  loop  model  in  rabbits  could  be  used  at  a  probe  of 
the  local  IcjA  response  to  Shi  cel  !-•  £lc:.e-  rj .  The  fc..r  ibil  ity  of 
this  approach  evolved  from  sCucic's  c f  Tr.ti gen  stimulation  ct  recusal 
immunity  and  lymphocyte  trafficking  in  the-  bowel .  In  the  bowel, 
antigen  is  taken  up  by  specialized  epithelial  cells  that  cover  the 
dome  regions  of  Po-yer's  patches  (1,3).  This  antigen  then  stimulates 
IgA  precursor  6  lymphocytes  and  regulatory  f  lymphocytes  in  the 
Peyer's  patches  (3-6).  After  local  antigen  stimulation,  these 
lymphocytes  migrate  to  the  systemic  circulation,  and  eventually 
travel  back  to  the  mucosal  surface  of  the?  gastrointestinal  tract  as 
well  as  other  mucosal  surfaces  (bronchial  mucosa,  mawrary  gland,  etc.) 
(7-9).  The  importance  of  looking  at  intestinal  secretions  to  follow 
mucosal  immunity  was  emphasized  by  La  Broody  c-t  al's  recent  demonstration 
of  a  poor  correlation  between  salivary  and  jejunal  antigen-specific  IgA 
00). 


Last  year,  in  cur  first  annual  report  we  presented  data  that  the 
chronically  isolated  ileal  loops  can  serve  as  probes  for  following  the. 
local  imnune  response  to  oralj_y  -  administered  antigens.  Further,  by 
using  this  chronically  isolated  ileal  loop  probe,  we  presented  pre¬ 
liminary  information  that  a  strong  local  IgA  memory  response  was  pro¬ 
duced  in  intestinal  secret ior.s  foflevirr  oral  immunization  with  the 
S.  flexreri  -  EsciiorirHa  co1_i  (?bi-'--JJs:  XfcT  hyorid  strain.  This 
was  the  first  direct  nemanst:  aw’ on  ■  n  ir.castinal  secretions  of  a 
mucosal  IgA  memory  response  to  f_.  flexrwi  oiven  orally.  Local 
IgA  memory  was  only  elicited  when  the  bhK-oile  XI 6  were  given  as  a 
live  preparation,  not  when  the  original"  vaccine  was  heat-killed  (11). 

The  finding  that  a  local  IcA  memory  response  was  elicited  by  oral 
immunization  with  live  but  not  killed  Shine! 1  a  X16  left  several  ouestions 
to  be  answered.  Since  Shi  cel  la  X 1 6  is  a  locally  invasive  hybrid,  we 
needed  to  determine  whether  invasion  per  se  was  needed  to  elicit  IgA 
memory.  In  this  year's  work  wo  report  results  with  non  invasive 
S.  flexncri  strain  24 57-0.  . . . 

Further,  as  most  traditional  means  of  immunization  involve  parenteral 
vaccines,  we  wanted  to  determine  with  cur  chronically  isolated  ileal  loop 
model,  if  a  vigorous  local  IgA  response  could  be  elicited  by  such  periphery 
stimulation,  this  year's  report  details  the  studies  which  demonstrate 
the  relatively  poor  local  immune  response  elicited  by  parenteral 
immunization. 

While  performing  our  investigations,  occasional  rabbits  would  be 
treated  for  respiratory  tract  infections  with  antibiotics.  When  rabbits 
wore  Icing  treated  with  an Libict.ics  at  the  time  of  challenge,  t'-e  local 
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IgA  memory  res|  on  ;o  was  a f  f <<  1  ed .  Further  stud  'cs.  have  he.  rs  per  foni.rd 
to  confirm  this  effect  which  could  I  if  ye  practical  importance  in  a 
vaccine  program. 

Lastly,  work  with  a  potent i el  r.iKosal  adjuvant,  bEAC-0-  xtrar,  (12) , 
has  Lxeun.  Prelimirury  data  shows  no  effect  of  this  adjuvant  in  the 
primary  local  IgA  response  to  Shi  pel  I  e  Xif>. 


METHODS 

Preparation  of  Chronically  Isolated  Ileal  l oops 

The  surgical  creation  of  ileal  Thiry-Vella  loops  in  rabbits  has 
been  described  in  detail  previously  (13).  In  brief,  while  3-4  Kg  Lew 
Zealand  White  rabbits  are  anesthetized  with  Rompum  and  Ketamine,  a 
midline  abdominal  incision  is  made  and  the  terminal  i 1  our.  is  identified. 

A  20  cm  segment  of  ileum  containing  a  grossly  identifiable  Fever's 
patch  is  isolated  with  its  vascular  supply  intact.  Silastic  tubing 
(Dow-Cerr.ing)  is  sewn  into  each  end  of  the  isolated  segment.  This 
tubing  is  brought  out  through  the  raidline  incision  and  tunnelled  sub¬ 
cutaneously  to  the  neck  where  it  is  exteriorized  and  secured.  Intestinal 
continuity  is  restored  by  an  end-to-end  anastomosis  and  the  midline 
incision  is  closed  in  two  layers. 


Each  day  about  2-4  ml  of  secretions  and  mucus  that  collect  in  the 
ileal  loops  are  expelled  by  injecting  20  cc  of  air  into  one  of  the 
silastic  tubes.  The  slightly  opaque,  colorless  fluid  and  mucus  expelled 
from  the  tubing  is  studied  for  specific  ir:r,ur,cglol:ul  in  content.  A 
subsequent  flush  with  20  cc  of  sterile  saline  helps  to  remove  adherer, \ 
mucus.  This  saline  is  then  removed  by  repeated  gentle  flushes  of  eir. 

.  Of!" 

■a  i  y  v  v 

lasting  1-2  months. 


With  proper  daily  cars,  8C-9C"  of  rabbits  can  complete  experiments 
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Enzyme-Linked  Immunosorbent  Assay  (ELISA). 


Briefly,  microti  ter  wells  are  coated  with  a  solution  containing 
shigella  lipopolysaccharide  (Westphal  preparation).  Immediately  prior 
to  testing  serum  samples  or  loop  secretions,  the  antigen  solution  is 
removed  and  wells  are  washed  with  a  phosphate  buffer  containing  Tween 
20  (FT).  The  fluid  to  be  assayed  is  diluted  in  the  PT  buffer  and 
incubated  in  the  coated  wells  and  in  ur.coated  wells  (to  control  for 
nonspecific  adsorption)  for  four  hours  on  a  horizontal  rotary  shaker. 

The  plates  are  washed  with  FT  and  incubated  with  either  alkaline 
phosphatase-conjugated  coat  anti-rabbit  Iqf-  or  IcA  overnight  on  the  shaker. 
Following  another  PT  wash,  substrate  reaction  is  carried  out  with 
nitrophenyl  phosphate  in  carbonate  buffer.  The  CD  405  nm  of  the 
substrate  reaction  is  determined  using  a  Titer  Tok  microelisa  reader. 
Kinetics  of  the  enzyme-substrate  reaction  are  extrapolated  to  100  minutes. 
The  CD  405  nm  of  uncoat c  d  wells  arc  subtracteo  from  the  00  405  nr,  of 
coated  wells.  Specific  I<  and  let  standards  are  processed  daily  with 
the  unknown  fluids  as  pt  eviously  described  ( F; ) . 
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Table  1. 

Immunization  Schedule 

Group 

Antigen 

Dose 

Houte 

Day(s)^  Giver 

I 

Live  S.  flexneri  2457-0 

O 

oral<2> 

0 

II 

Live  S.  flexneri  2457-0 

O 

o 

oral 

0,7,14 

III 

Live  S.  flexneri  2457-0 

o 

r~~ 

o 

oral 

-75, -68,-61 ,0 

IV 

Heat-killed  Shiqella  XI 6 
Heat-killed  Shigella  XI 6 

10^ 

108 

subcutaneous 

intravenous 

0,1 

4-8,14 

V 

Heat-killed  Shigella  XT 6 
Heat-killed  Shigella  XI 6 
Live  Shigella  XI 6 

10® 
10®0 
10 1  J 

subcutaneous 

intravenous 

oral 

-21,-20 
-17  -13,-7 

0 

VI 

Live  Shine! la  XI 6 
with  DEAE-dextran 

10]0 
5  gm/dl 

oral 

oral 

0 

VII 

Live  Shigella  XI 6 
Erythromycin 

1010 

oral 

-75,-68,-61 ,0 
-2, -1,0,1, 2, 3 

(1)  Day  of  surgical  creation  of  isolated  loops  = 
day  -1  for  all  groups. 

(2)  Shi  gel! a  placed  in  stomach  via  orogastric  tube.  Isolated  loop  not 
directly  exposed  to  Shigella. 
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The  local  1 5*.  enti -shield  la  rcr’onse  ir  v  dated  !(>• 
secretions  foliowin"  a  single  oral  dvse.*  of  10  ^  live  (no 
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S.flernsri  strain  2457-C  is  shown  ir.  finwro  1.  The  kino  tie 
the  1  ar.fi- v.h'ioel  la  r:  r.ponse  is  sis.'.i  1  ar  to  cor  Drcvicuv  : 
wherein  the  isolated  ilea  i  loots  were  directly 
S.  fle.vr.f:ri  strain  cA, 57-0  (14).  Further  there  ■ 
between  this  response  end  the  response  to  a 
(invasive)  Si.iroi le  XI 6  (11). 


;me 

,  i ; 


i  '.mi zed  v: 

no  sipn  if icant 
ir,.jle  oral  dose  of 


day 


Figure  1.  Mean  IqA  responses  to  SMrdle  LPS 
in  sec retiers  from  rabbits  cjiven  a  sinnle  oral 
dose  of  1C  I-  noniMvasivo,  live,  FMrd  la  flexn  ri 
strain  2407-M  on  day  0.  Inf  activity  T'S'iL'.T".  ~ 
indicated  on  vertical  axis. 
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0;;:'  i):'  yin.  r.  •,l':Ur,  u'  i'  1  <ii*  rr  t.  i:  •  :::ii;'ct'!sri  rf  VC: 
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cai  ini'vj  pr,  few!  a  «p  wf  r  in  l1  i«  I  I  •  r  ■■-.pi.rr.e  (If),  'in  deter:  .if.-e 
v.i  •  '  i.  'r  Li;i<  v  ( •  ii  1  -!  :  cour  »r  :iv.  syeti  r,  t>-<-  Green  i  1  •riiv.ls  w<-r< 
oivir.  o  .-.■‘.I  v,  I  r.c'-  oh  V'|!;  live  h.  .  '  i  -  ,•  •; : ,  ;w  . 

If.  j  InA  <  i. V i  ~ i> r  i 1  i «'  t.  c t  V.- i  •  v  tr  *  To;  so  cretitf  rd 

th:-  Croir:  !  I  roil  '<  X.i  ir.  $.!  cwn  ir.  ;  if  urc  ?.  ?:o  si'enin'ccnt  cii  f  f  .■  w,ce 
v.’vjs  four. cl  between  uc.r.e  value:,  ar;o  trose  o,  the  Group  I  ar.irals. 
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Figure  2.  Mean  IgA  responses  to  shigella  LPS  in 
secretions  from  rabbits  riven  ore1,  doses  of  10ln 
non  invasive,  live,  SMrgj  ia  f  I  exneri  strain  ?.<'57-n 
on  days  0,  7  and  14.  ig*A  activity  +  S.E.M.  indi¬ 
cated  on  vertical  axis. 


To  determine  whether  a  local  In A  memory  response  could  ho  elicited 
by  ir.:. uni  nation  end  chdllcr.ee  with  non  invasive  S.  f  1  o  neri ,  the  Group  III 
rabbits  were  prirvoi  with  three  weakly  or.il  doses  c;  lOT'1  live  S . f  1  exner  1 

Sixty  days  after  the  third  era!  dose  of  $. f  1  exner i ,  a  chronically 
ileal  for,)  wa s  crested  ar.d  ar.i'-als  von  era  ;  loved  with  a 
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was  true  with  our  -  todies  usiro  locally  invasive  '■hirolja  X I  f. ,  a  low 
level  of  !c:A  a  c  i.  >  i  t  y  against  shigella  vis  rainf.air.ee.  in  party  of  the 
arrivals  even  after  tO  days  (11). 
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DAY 


Fipui~e  3.  Mean  serum  I gG  (o)  an^  IgA  (e)  activity  to 
shigella  LPS  in  rabbits  given  10^  heat- killed  Skio-plla. 

XT 6  subcutaneously  on  davs  0  and  1,  and  intravehcusTv  on 
days  A-E  and  14.  (Group  IV). 


As  parenteral  ac'ministra tier,  has  lone  been  used  to  stipulate 
the  i;  -  one  response  to  infectious  aeon  Is  including  shic  ella,  we 
have  examined  the  effect  of  (.iris  route  of  iinunization  on  the  local 
IgA  act  ivity  to  Sr  i^elie.  X16.  The  rabbi  '<  s  in  Crcun  IV  were  treated 
with  a  regimen  o’,  sx  cutaneous  and  intr..vr  nous  iu.ict  Lions  previously 
usf  d  to  dicii  slroir;  scrun  t.nrihody  u>  this  tactx  ir.  (I'1)  (Idle  1) 
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Figure  4.  Mean  Inn  (o)  and  IgA  (c)  activity  to  shigella 
IPS  in  secretions  from  Croup  IV  rabbits. 


Despite  the  relatively  weak  primary  inure  response,  it.  is 
possible  that  tr.c  parenteral  irmuniarr ion  priced  the  ani  ?ls  to  oive 
a  local  IgA  memory  response  to  a.  svbsnouent  single  oral  c  ha  lienee 
with  live  Shire! la  Xlf.  1  berefore,  ir  Croup  V  ih-  rabbits  v  ere  divert 
the  same  p;-.  •  ; -leal  regie en  as  the  Croup  IV  rabbits  (1:  M » •  1). 
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}■■  r,  t1  ■>  ;-;.l  il!  .  I'o;  s  \:'f-  i.  ot  t.c-.  t<  (•»,*- 1  i  '  \ 

oft.*'!’  1  )  i  :•  I.  II  ..ravcr.yli:  «!0V  uf  Ah'r;:'.  la  X  i  >"■ .  :  1  'J:  :  i 

jt:;  activity  It.-  t. i ; '1 4 ■  r: ;  1:.  vei  o  «.  ir.i  i..r  to  those  of  the  At  <  j  V 
i.  ;  s  (ii  •  b) . 


Figure  5.  Mean  serum  IgA  (o)  and  If  A  (o)  activity 
to  ship  el1  a  IPS  in  fatbits  given  1  O'-'  heat- FI  lied 
Shi  gel  1 o  X16  subcutaneously  on  days  -PI,  -? 0,  and 
’intravenocusly  on  days  -17,  —  -13,  and  -7  followed 
by  a  single  oral  dose  on  day  0  (Croup  V). 


The  local  IgA  activity  after  the  systemic  priming  and 
subsequent  single  oral  challenge  with  live  Shigella  X16  showed 
a  typical  primary  local  IgA  response  (figure  tT-  There  was  no 
evidence  of  an  IgA  memory  response  and  no  evidence  of  suppression 
of  the  local  IgA  response.  The  local  Igfi  response,  again, 
paralleled  the  sc run  IcG  activity  with  no  evidence  of  enhanced 
response  after  the  single  oral  chc 1 i er^e.  These  data  are 
consistent  with  our  previous  findings  that  parenteral  prio.ino  did 
not  enhance  the  local  IgA  response  to  shigella  subsequently  f,iven 
directly  into  the  isolated  ileal  loops  (14). 
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Figure  "can  IP 
shi  os  !  1  (■  IPS  ir  so. 


Beh  has  recently  proposed  th-  rv-  n’"  ' ' 
adjuvant  for  oral  vaccines  to  KeP  ri  (17'. 
baseline  data  for  future  i-f;; ury  r>’s  re--'  < 
effect  of  DL'AEPP'Xtrar.  on  the  p’  •  i. -.•.«! 

Group  VI  anir  ere  given  IC-'-.t  •••'■  *rar: 
dose  of  live  ~  'la  XI G  (Fable  11.  As 
primary  IgA  *  o  the  sir/  ]e  rrc.l  da:'. 

There  was  m  t,  i r c‘c;  ■-! ,  1  *.  -r  : 

ti.o  DBAE-de;  i  altPup’  i  v.  :• 

Histologic  suu...  twv.ch,  u  11  w.'  ; 
evidence  of  daiMge  uy  o>  ai  adi  ini-Pi  utio  of 
C,  2  A  and  PI  hours. 


i  •  i 

I  . 


ANTlCEN  S>ay 


Figure  7.  Keen  IgA  art i -shigella  activities  ir  secretion*; 
from  robhi  ts  fed  a  s  i  r.  ~  • «_?  live,  or?!  dr  sc  of  I''1'-’  5rV’AV:T 
X1C  on  day  n  (o)  and  from  rabbits  fiv'-.i  gfA.'.'-c.ex  trim"  a '< V-V.TT 
with  the  singly  live,  oral  dose  cf  lf'!l)  S f_s y r  ! la  XI r  on 

day  0(e). 


In  early  studies,  we  observed  that  an  occasional  rabbit,  rave 
poor  or  no  local  IgA  memory  responses  fol  low  inn  the  triple,  oral, 
live  Shirs  lie  X1G  pr inioc  regiien.  Fy  stud'  i:.y  our  daily  loos, 
we  discoveVe.’l  that  those  animals  Ivd  all  received  antibiotic  tier 
for  respiratory  infections  at  thr  tire  cf  the  sirrle  oral  chall*.  n 
dose.  Whereas,  none  of  t1  o  rah!  its  '.Men  dim  fayed  local  TrA  rn 
received  sin.!>  antibiotics  at  til  of  oral  ch-  ;!<.!.<  e.  7; 


■i  nvrs  v  i  ’ 
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whcthoi  this  i ms  a  p.honorcr.rr.  due  to  v-r  rial ion  of  the  outbrcd  nature  of 
our  rabbi  Is  or  to  a  real  effect  of  tor-  o s . t ‘  Pieties ,  several  ad  .ificral 
ra!;!)i  ts  were  <;  i  y;n  oral  p>  iming  with  1  i  •:>  ft  fee  1 a  XI 6.  The  lot;.! 

IgA  anti-shigella  activity  of  this  f  ic-j,  was  extrc  rely  poor  (figure  3). 
Whether  this  is  due  to  a  specific  suppressive  actio.*;  of  the  antibiotic 
on  the  local  inr.une  system  or  whether  it  is  merely  due  to  the  effect 
of  t ho  antibiotic  on  the  live  oral  bacteria  needs  to  be  studied. 


Figure  3.  Mean  IgA  activity  to  shigella  LPS  in 
intestinal  secretions  from  orally  primed  animals 
challenged  with  a  single  tfosc  of  1  ivp  3  Mr  si  la 
X16.  The  croup  of  animals  civet:  ery thro  ,yx  in 
at  the.  tire  of  the  challenge  cose  (o)  had  a 
significantly  weaXur  response  than  animals  that  did 
not  receive  antibiotics  (•). 
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